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[161 Wc foudil that BRP-H is also a polymeriiaiioQ cawlyal for other. 

duoph(me3.foTexswQpl<^3-aod«yl-thiophcac. • 
[171 Handbook of OUgo- and Potythiophctm (Ed.: D- Fichou), 

Wiley- VCH, Wdnheim, 1999. 
[18] D. Dini, E Decker; F- Andrcani, E- Salatelli, P- Hapiot, Polymer 

2000,^2.«473. 

[191 In the measuieroent setup an argon ion User beam was focusec 
by a 25 X microscope objectivc to a 50 jim diamcier spot on the 
sample, me Eoofcsccnce cnussion was imaged by a.50 x objco 
live on a CX^ camera. 

[201 No UV/Vis speccium couW be recorded feora a single vesicle, nor 
liodi a Bufipenrfon of vcsides. because of scattering problcmA^ 

[211 A 0 J fiL-* solution ol PS-FlAT dissolved in THF was mjected 
into a BOmgL-* fiolution of CALB enzymes; th<J final water/ 
THF ratio was 12:1 (v/v). Aftjsr ihe mbcture was left for two days 
to eqirilibratc. it was dialyzcd to cEspose of aU nonincltJ4ed 
enzymes. 



Somatostatin Mimtcs 



Design and Synthesis of y-Dipeptide Derivatives 
with Submicromolar Affinities for liuman 
Somatostatin Receptors 

DUter Seebach,'^ Laurent Schaeffer, Meinrad Brenner, 
and Daniel Hoyer 

In a previous paper we have shown chat simple JV-acyl-y- 
dipeptide amides that resemble a fiU! ttirn of an a-pcptide can 
be designed to form a turn slructure in solution (NMR) and in 
the sohd state (X-ray)J^^ To sec whether such a turn conld 
also be used to mimic a pcpdde, the Uological aclivity of 
which rests upon a torn structure cartytng funclionalizcd 
side chains, we have aow synthesized compounds la-g 
(Scheme 1). with the side chain of tryptophan in the 7* 
position of the first and of lysine in the poation of the 
second y-amino acid, and have tested tlieir affinities for the 
human somatostatin receptors hssti_5.'^ 

tbe synthesis- of y-dipeplide derivatives 1 commenced 
with the /S^-Boc-7-lactams Z at)d 3 (Boc=rflrt-buU>xycarbon- 



ccn\ 




•■Nap 

Expected conformaiion oi 1 

Scheme 1. Structural fofmulae of the ypeptidcS 1. In the eiipected CftV 
fofmatiOrt of 1 the red arrow points to a CHj group* of the H2N(CHa)4 
unit, which is placed inside the shielding cone of the aromatic indole 
ring. Messsmesi^ncsuH'onyl. Bfi-ben^jrl, Nap=iiaphthyl. 



(fl)-2. R = Me 
{S)-4.R-(CH2)4NBn4 
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7. ft' - Doc = We. X - 0(CHa)2SiMB3 



doubly deproionated and alkylated with l-mcsitylenesiilf^ 
yJ-3-bromomethylindo1e and Mel to ^vc the unlike-r-^^ 
add derivatives 5 and 7, respectiycly. The ^^^^ 



withthe//-Boc^lactamsZat>d3(Boc=rert.buU>xycarbon- aad oenvauvcs ana ^^Z^^^^^^^;^; 
yl .readilyavaxlSbl^fromthecoircSpon^^^ compound 5 vrUhtVp sxdc ^^J^^^^^ ^Z^^^ 

\ {' : J. u.. ^.^r.r^ rr^r^A.^^\i>n rIm ooeninfi and the iysine-denvcd esters were convcited to xnt m 



Ala and (syLys acids by known procedurcs.^^-"^ Ring opening 
(with the Lys derivative after change of side-chain protection. 
-*4). and estcrilication with Me^SiCCHzXOH provided tlie 
(it)-Boc-/-hhAla and Boc-y-hhLys(BnJ esters, which were 

I*] Prof. Dr. 0. Seebach. Or- L SchacfTer, Dr. M. Brenner 
Laboratorlum ftir OrganiSChe Chcmie 
eidgenossisdieTechntsche Hochschule 
CTH Hortggerberg. 8093 zarich (Switzcrfand) 
Fax: (+41)1-632-11-44 
E-mail: seebach^orgxhcm.eth2.ch 

Dr. O. Hoyer 
Novards Pharma AC 
Nervous System Research 
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compouna 5 vntn JLip siac caam wr> y^^n 
and the iysine-deiivcd esters were convcited to die m J 
amides 8 and 9 without and vdth 2-metbyl ^^^tio^^*'^ 
respectively (1. Bi^NF, 2. MeNH,, 3. F3CCO2H). ^o^P J^^^, 
the two Y-ammo acid derivatives + « and 6 + 91, r ^ 
of the Boc groups, ajid acylaUoti with ^-naphthylaccn^^^^^^ 
(4-methyhnorpholine. 1-hydroxy-lH-benzotriazo^ ^ 
3-(3Mditnethylaminopropy))carbodiitnide) piodv^ ^ 
diam-protected jV-acyJ-dipcpCide amides la a^^^^ . .g^to 
tection procedures (MeSO^ FjCCOift a^^^];^'^, dcri^^ 
the various partially or fuUy depiotected r^^P^P , ^ ^^i^^ 
atives Ic-lg. All compounds were puriCed and ^^^^^j-^jtis. 
tcrused by elemental analyses, specific optical ^ 
circular dichroism (CD). IR. and NMR spectrosw^j- , 
mass spectrometry. 
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fifftn 1. HIgh-fi€ld part of the 500 MHz NMR spectra of lh«r rdi- 
pjiidcs 1 c 1 c, 1 f, and 1 B in CD,OD. The red arrows point to b'lgb- 
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A typical f eatuic Of the turn sinicmre in somatostatin and 
Its analogues is the juxtapositioa of the tryptophan and lysine 
adc chains, which places CHi groups of the IljS(Cti^4 
inside the shielding cone of the aromatic indole ring (NMR 
iWftsbetwccnd s=a8 and 0.3 ppm are observed) Pi High-field 
sections of the NMR spectra of four Y-dip^li^e amides, 
slicwn in Figure 1, in which Ct!t 
signals appear between d^QS and 
0.6 ppm, confirm the pro3dmity be- 
tweea the coaesponding side 
Ds, wtkI are thus compatible 
with a turn oonfortnatioA of these 
DDCOipounds. Ihc CD spectra of the 
tf^iaphthylacetyl dipeptidc amides 
I exhibit an intensive negative Cot- 
loo eSect near 200 mn ([<91 up to 
TOOOO degcm*dmol-"), with a 



40000 



aoooo 



weaker and broader peak near 220 mn ([O] up to 
30000 degcm* dmol"') (Figure 2): this CD pattern may be 
taken as another piece of evidence for the presence of a 
secondary structurcL 

Probably the most stringent test of the ^-dipcplide 
Structure is the a£finity for somatostatin receptors. Binding 
affinities for the five cloned human receptors hssti_5, ex- 
pressed in CCL-39 ceU lines, were determined by displace- 
ment of piJIXr-SRIFas from these receptor pcotein^l^oj 
While the fully protected y-dipeptide Id binds to hssti and 
hsst, with remarkable Ku values of 0.55 and 1.00 pM, 
respectively, the partially and the fully deprotcctcd 7-dipep- 
tide derivatives 1 f and Ig bind to hssti with Ko values of 031 
and 0.87 mm, respectively (Tabic 1). Intriguingly, the highest 
affinities (1 d/hssli, 1 rThsst^) are observed when the side chain 
functional groups (3-indolyImethyl and (CH^^JrLi*) are 
protected by bulky aromatic moieties (N-mcsitylenesulfonyl 
and/or -benzyl)! 

The results presented here are confirmative, suiprising, 
and promising; they demonstrate that a 14-amuiO-acid cyclic 
disulfide hormone^ somatostatin, can be jtnimidccd by a 
simple, designed, low-molecular-wcight, open-chain v-dipep- 
tidc derivative (ci Ig) that contains only three amide bonds; 
they suggest that hitherto unknown hydrophobic pockets are 
present in the receptors (hssti, has^, and hsstj), which 
supposedly house the turn-bound Tip and Lys side chains 
(ct Ic, Id, 1 f) ; and they promise a potential of y-peptides for 
the development Of pcptidase-resistantl^^l peptidomimctic 
drug^ 



Table 1: pKo Values for y-peptides 1 b-1 g at the five hsst receptors expressed in CCL-39 cells and 
measure d by fBdioligand binding assays with PqUT-SRi^ as radioligand W.nci 
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Fjeccptor 1 b 



Id 



Ig 



hsst, 
hsstz 
hss^ 
hsst« 
hsst, 



5.47 
<5 

4.67 
4.49 



6.06 
<5 

5.74 
S-01 



6.26 
5.17 
6.00 

5.92 
5.87 



5.61 

<5 

5.73 

5.66 

5.14 



5.9S 
S-Ol 
5.67 
5,79 
6^9 



4.73 
2J&\ 
5.42 
5.44 
6J06 



6,45 
9-11 
8.60 
5.76 
7.31 



9.08 

10.06 

9.67 

9.01 



(a) Submicromolar affinities arc highlighted in red. [b] Sandostatin. (cj Somatostatin. 
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a. Nonnomxalized CD spectra In MeOH {pJl mwi) of the v<*JpcptiJ« derivarives 
Mg. 



[11 M. Brenner, D. Secbach, HeU Chim. Acta 

p] Fat a non-pcpticfic analogue, see: R- W. Ho£f- 
mano, An^^- Chew. 26OO, 112, 2134-2150; 
AngCH., Chint. Int, Ed. 2000. 5P. 2054-2070. 

PI tbr P-tetrapcprides mimicking, somatostatin 
with nanomolar aiOBlfeitics for hssl^, sec: K. 
Oadetnann. M. Emst D- Woyet, D. Secbach, 
An^ew, Chenu 1999, //i, 1302-1304; Ang^w. 
Cherru Int Ed. 1599. 1223-J226; K. 
Gadcmami, M, Emst, D. Secbach, D. Hoycr, 
lielv. Chim. Acta 2000» 53. 16-33; K. Gade- 
rnann, T- Kimmcriin, D. Hoyer, a Seebach* /- 
Afed. Chsm. ZOOl, 44, 2460-2468; U Secbach, 
M. Ktuepins. P. I. Anndfison, T. KimmerliiLi P. 
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MIcuph, C Noci. D. Lansenegger, D. Hoyer» H«fu Chim. Acta - 

2001, 3503-3510, 
[4) R» a review on somatostatin recftptors, sfte: D. Hoyer, .H. 

Luetbcrt, C Btuio, Naunyn-Sdunk4eb£rg's Arch, FhnrmaeoL 

1994, 350, 441 -4S3 ; J. fe Hanooa, C Nimn, B- Stolz, C Bruns, G. 

Wccfcbecker. L Lewis, T. Troilei'. K. Hurth, D. Hoyer. /- Afot 

NeuroscL M02, 15-27. CUssifiGation and nomcndaiure of 

somatostatin teccpton: D. Hoycr, a L BclJ, M. BetelowitE, J. 

Epdibaiim, W. f eniuk, P. P. Huniplircy. A- M. O'Carroli, Y. G 

Paiel, A. Scshomibmmu J- E. Taylor, T- RiMSine, Tretuls Phamui- 

coLSclW5,26,B6-2S. 
[5] a tgMw on soniaiostatiii analogues^ stai A. Janccka, M. 

Zubnycka, T- Jfemecki. / Pept Riss. 2001, 5S, 91 - 107- 
[6) Metiiyl group* iA the v*P«itioa of the first and w the 7* positi 

of the secotui y-animo acW do stabilize the tura (see ret [1] to 

more details). 

[7] M. Swinttiia, P. Majcr. E. Majcrova, T. A- Guftxassina, M- A. 
Eissanstat, TetnAedrOn 53, 128<S7- 12874; S. Hanftssian, 
IL Schaum. Tetrahedron Ua. 1997, 39, 163 -166; T. Hintermauu, 
K. Oademann, B. Jaun, D. Secbsch, Helv, Otim. Acta 1995, 81, 
933-1002. 

[8] The choice or a 2-naphthylacetyl group ar thc AT-tcnniaus was 
inspiicd by prcvions observations: The naphthyl group may be 
considered to minnc tho benzyl side chain of a Flic residue, 
which precede ihBlScp in the peptide chain of somatostatin: S, t 
Hbcan, )R- Jain, "W. A. Murphy, X B. Taylor. B, Morgan. D. H- 
Coy, /. Med. Ch^m. 1998, 41, 1146-1154; A. J. Soueri, A. A. 
VirgiUo, A. Rosenquist. W. Fenuilc, J, A Hhnan, / Am. Chcnu 
Sec 1999. 12;, 1817-1825- 
[9] B.H. Anson, K. Hirsohmann, D. E Vcber, Bioor^^ Chem. 1978, 
7, 447-451; R. M. FreWingcr. D- S. Perlow, W. Q Randall, IL 
Sapezstetn, Bw H. Aiison, D. K Veber, Int L Pups. Proton Eas, 
1984, 2J. X42— 150; C Wynants* D. Tburwe, W, Kazmietsldi V. X 
Hniby, G. Van Binsl, Eur; J. Biachcnu 1989, 185, 371. 

[10] X P. Hannon, C Peirucci, P- Fehlmanu. C VioUct, J. Epelbaum, 
D, Hoycr, Neuropkarmaeology 2002. 42, 396-413. CCL-39 
stands for Chinese hamster Img fibrohlasi ceUs No. 39. 
P*I]UrT-SRIFa is a somaiostatin dimer* containinfi throe 
mutadons (Leu», o-TVp?*, ^l-Tytl and SRIF is the acronym 
for TOTnalostatin release inhibiiing /actor, 28 refers to the 
nvmbcre of amino adds In the physiolo^cally active form of 
the honnonc> 

[Ul X Fraiidkcnpohl, P.L Ai^^dsson. XV. Schieibcr, D. Sccbach, 
ChemBioOusm 31001, 2, 445-455. 
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Controlled Electropolymerizvtian. 



Uquid-Crjrstal Teniplating of Conducting 
Polymers** 

James F. Hulvat and Samuel L Stupp*^ 

In organic dectromcs* conducting polymers have a number of 
advantages over small molecules, particularly because ol their 
stability, mechanical properties, and case of proccssidg.P-2| 
However, performance of some conducting polymers is 
limited by their high degree of disorder.l*-''^ Molecular oider- 
ing improves carrier mobility in organic fieW-effcct transis- 
tors and enhances charge injection in organic light-emitting 
diodes (OIJBDs).Pl For this reason, vapor-sublimated ctyslal- 
line films of small molecules are often iiscd,^'^ but alternative 
strategies to obtain molecular ordering wuld reduce cost and 
simplify fabrication of organic electronic deuces. One 
possible way to achieve this is through molecular self, 
organization. Toward this goal we developed an aqueous, 
low-temperature technique for preparing conducting polymer 
films in a sclf-org^nized template. 

FShns of poly(3,4-cthyldioxythiaphene) (PEDOT) are 
commonly used as hole injection layers in OLEDs. PEDOT 
can be polymerized in organic solvents or in an aqueous 
suspension with a soluble copolymer or surfactant, leadiog to 
amorphous fites-^*^ Wc have studied here the formation of 
PEDOT films by electropolymerization within a liquid 
crysUUine template. 

The well-known hexagonal (HI) lyotropic liquid crystal 
(LC) consists of cylindrical hydrophobic cores paialiel to one 
another and separated by a hydropltinc continuum («ec 
Figure 1 in the Supporting laformation).^ LCs have beea 
used by us and otiiers to template inorganic minerals as well 
as in the formation of mesoporous silica-^^l Wilb regard to 
ooflducting polymois, template chemistry has been used W 
incorporate chains within tho cbaoaels of mesoporous aU^^ 
or in aqueous channels of an inverse Hexagonal LC»'^ ih^^ 
approaches, however, are linuted to soluble, dicinicauy 
polymerized polymers or to water-soltibJe monomers su 
as aniline or pyrrole. Our approach described here is 
iwo key respects. Hrsl, polymerisation occurs in tiie by 
phobic domain of the LC, aUowing use of less po 

pj Prof. S. I. Stupp. J. F, Hulvat 

Department of Materials Science and Engineering 

Department of Chemhlry 

fdnberg School of Medldnc 

Nofthwestcfrt University 

Ev-anston. IL S0208-3108 (USA) 

Fax: (+1)&47-491.3010 

E-mail: s-stupp@ no rthwestern-edu ,^ 
This work made use ofthe Electron Probe Instrvmcntstlon 
Northwestern University and was ftjnded by a °°^^'!fA^hip'^ 
OOER4S810/A001). J-F.H. l5 supported by an NOSE^je 
thank M. Kern for assistance with XRD »nd Prof. 1- 
helpfijl ducussions. ' 
Supporting information for this article is available on ^ 
under http://wwwangewandtc.crB or from the author. 
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